Introduction
More than 40,000 putative genes have been identified from sequencing of the rice genome (Feng et al. 2002 , Goff et al. 2002 , Sasaki et al. 2002 , Yu et al. 2002 . Therefore, the most challenging goal now is to discover their functional roles. To facilitate such an evaluation, several approaches have been developed. In a broad sense, the first reverse genetics study was reported in 1988 when an antisense approach was taken to introduce a ribulose bisphosphate carboxylase small subunit gene into a plant system (Rodermel et al. 1988) . Current methods include antisense and RNA interference (RNAi) technologies (Chuang and Meyerowitz 2000) to decrease the expression of target genes, as well as insertional mutagenesis to knock out gene expression (Feldmann 1991 , Jeon et al. 2000 . Among these, random insertional mutagenesis by T-DNA or transposons has been most widely used for large-scale analyses. This technique is not only efficient for identifying knockout mutants, but can also be employed for both promoter and activation tagging. The recent establishment of a large number of insertional mutants will accelerate these reverse genetics approaches for studying rice gene function in this model monocot species. In addition, homologous recombination (reviewed by Hanin and Paszkowski 2003) and viral-induced gene silencing (reviewed by Robertson 2004) are apparently effective techniques. The former has been applied in rice; however, the efficiency is low and examples are limited. The latter has not been applied successfully in rice until now. Tilling (targeting induced local lesions in genomes) is an obvious, attractive reverse genetics strategy that can be adapted in rice for finding point mutations in genes of interest (reviewed by Henikoff et al. 2004) . Our focus in this review is on reverse genetics using T-DNA in rice.
Generation of Knockout Mutants by T-DNA
T-DNA has been broadly utilized for generating insertional mutant pools in Arabidopsis (Feldmann 1991 , AzpirozLeehan and Feldmann 1997 , Bouche and Bouchez 2001 . For example, the Arabidopsis knockout facility at the University of Wisconsin has established a population of 60,480 T-DNAtagged lines (Krysan et al. 1999) . Sessions et al. (2002) have reported the generation of 100,000 T-DNA-transformed lines, and Szabados et al. (2002) have analyzed the distribution of 1,000 T-DNA sequence tags isolated from their T-DNA insertion lines. Recently, >225,000 independent T-DNA insertional lines of Arabidopsis were created that represent almost the entire gene space (Alonso et al. 2003) . Compared with transposons, T-DNA insertions appear to be relatively randomly distributed in a plant's genome (Kolesnik et al. 2004 , Sallaud et al. 2004 ). Therefore, this mutagen is suitable for achieving nearsaturation mutagenesis. However, it is prerequisite that the genome size is not too large and that transformation frequency is high enough to ensure the generation of a large number of transgenic plants. Currently, Arabidopsis and rice are the only plant species that meet such demands.
In Arabidopsis, the in planta transformation method is used to generate insertional mutant populations. Therefore, obtaining a large number of transformants has been relatively easy. However, that technique has not been applied routinely to other species. In rice, the Agrobacterium-mediated co-cultivation method is efficient enough to produce a large quantity of T-DNA insertional mutant plants (Hiei et al. 1994 . For example, the research group of An has generated approximately 100,000 fertile rice lines tagged by T-DNA (Jeon et al. 2000 , Jeong et al. 2002 , Ryu et al. 2004 ). In addition, work by Zhang and colleagues has resulted in >30,000 T-DNA insertional lines . Several other groups independently have produced T-DNA insertional mutant lines (Yin and Wang 2000 , Sallaud et al. 2004 , Sha et al. 2004 ) so that, altogether, >200,000 T-DNA tags have now been generated in this species. Representative T-DNA tagging populations are presented in Table 1 . These populations are large enough to find a knockout in a given gene at >90% probability, assuming that T-DNA is randomly inserted into a chromosome. However, the number of tagged lines necessary for saturating all the rice genes may actually be smaller than the estimated value because T-DNA insertions occur preferentially in gene-rich regions (Barakat et al. 2000 , Sallaud et al. 2004 ).
Generation of Activation Tagging Mutants
About two-thirds of the Arabidopsis genome is duplicated in the form of large chromosomal segments (Arabidopsis Genome Initiative 2000). In addition, about 4,000 genes are tandemly repeated as two or more copies. For rice, the fraction of locally duplicated genes ranges from 15.4 to 30.4%, depending on the chromosome (Goff et al. 2002) . When the sequences showing a minimum of 80% identity over 100 bp were considered to be duplicated sequences, 851 among 2,000 rice cDNA markers (41%) are single loci, 509 (24%) have two copies and the remainder (35%) have three or more (Goff et al. 2002) . The greatest duplication has been observed on chromosomes 11 and 12 (Nagamura et al. 1995 , Harushima et al. 1998 , Wilson et al. 1999 . Therefore, unless multiple gene-mutated plants are generated, T-DNA tagging or transposon tagging proves inefficient in studying these duplicated genes. It is estimated that fewer than 10% of the genes tagged in Arabidopsis and rice are likely to generate a visible phenotypic change (Feldmann 1991 , Bouche and Bouchez 2001 , Jeon and An 2001 .
The activation tagging approach is one method that complements the technologies needed for studying genes whose function cannot be resolved by insertional mutagenesis because of gene redundancy, a lethal phenotype in loss-of-function mutants, or phenotype expression only under specific conditions. In addition, activation tagging generates gain-of-function mutants that have several advantages over knockout mutants. First, it is dominant, making it possible to analyze the function of duplicated genes. Secondly, its mutant spectrum differs from that of loss-of-function mutants, often generating beneficial traits for crop improvement. An alternative to activation tagging is the use of tissue-specific promoters that ectopically express or increase the expression of target genes only during certain life cycle phases or in targeted tissues (Weigel et al. 2000) . For example, a chemically inducible activation tagging system has been used recently to identify genes controlling the vegetative-to-embryonic transition in Arabidopsis (Zuo et al. 2002) . A heat shock tagging system has also been developed in Arabidopsis to induce transcription of flanking genomic sequences in response to heat treatment (Matsuhara et al. 2000) .
Activation tagging, using T-DNA inserts, has been applied effectively in Arabidopsis (Kardailsky et al. 1999 , Ito and Meyerowitz 2000 , Weigel et al. 2000 , Kirik et al. 2004 , Tani et al. 2004 . T-DNA carries strong activator elements that enhance the expression of genes adjacent to the insertion site. The cauliflower mosaic virus (CaMV) 35S enhancer or promoter sequences (Odell et al. 1985) have been implemented most frequently as a system activator. Their primary function is to overexpress tagged genes to reveal dominant gain-of-function phenotypes. It is unclear whether the enhancer acts by quantitatively increasing the original expression patterns or by promoting ectopic or constitutive overexpression of the nearby gene (Neff et al. 1999 , van der Graaff et al. 2000 . From the T-DNA activation tagging pools of Arabidopsis, Weigel et al. (2000) have characterized >30 dominant mutants with various phenotypes and have shown that in several of the mutants the tagging vector causes overexpression of the gene immediately adjacent to the inserted enhancer. Finally, activation tagging has been employed successfully not only to study plant growth and development, but also to discover disease resistance genes in Arabidopsis (reviewed by Tani et al. 2004) . Jeong and colleagues have demonstrated that the CaMV 35S enhancer element efficiently increases expression of nearby genes in rice. They have developed a binary vector that carries the tetramerized 35S enhancers within T-DNA. This vector has been used to generate activation tagging pools for >50,000 individual transformants (Jeong et al. 2002) . Examination of randomly selected tags in the intergenic regions has shown that approximately 40% of the enhancer insertions increase nearby gene expression. However, enhanced expression does not always result in phenotypic alteration (Neff et al. 1999 , Weigel et al. 2000 , Jeong et al. 2002 . This differs from ectopic expression by strong promoters, e.g. those for actin or ubiquitin, which cause constitutive overexpression in all tissues (McElroy et al. 1990 , Cornejo et al. 1993 , LeClere and Bartel 2001 . Nonetheless, the dominant mutation frequency of an activation tagging population is much higher than that of a tag population generated by a simple insertion vector, thereby indicating that the activation tagging strategy works in rice (Jeong et al. 2002) . In fact, characterization of these dominant mutants has led to the identification of a number of genes tagged by the enhancer in rice (Jeong et al. unpublished data) .
Entrapment Tagging
Entrapment systems can be divided into three groups: enhancer trap; promoter trap; and gene trap (Springer 2000) . In these systems, T-DNA can be engineered to carry a reporter gene next to the T-DNA border (Jefferson et al. 1987 , Pang et al. 1996 , Jeon et al. 2000 , Ryu et al. 2004 ). In the enhancer trap system, the reporter gene is fused to a minimal promoter, which is activated when T-DNA is inserted near an enhancer element (Klimyuk et al. 1995 , Campisi et al. 1999 . Enhancer trapping yields a higher frequency of in situ reporter gene activation. In the promoter trap system, a promoter-less reporter gene is placed next to the T-DNA border. When the reporter is inserted into an exon, the knockout gene and reporter form a translational fusion (Topping and Lindsey 1997) . In contrast, gene trap constructs possess an intron with multiple splice donor and acceptor sequences in front of the reporter gene (Sundaresan et al. 1995) . This allows splicing from the donor sites in the disrupted gene to the acceptor sites in the reporter gene, resulting in fusion of the upstream exon sequences to the reporter regardless of insert position. Therefore, expression patterns of the tagged genes can be monitored by assaying reporter gene activity.
The gene for β-glucuronidase (GUS) has frequently served as a reporter because of the easy detection of its gene product and the tolerance for N-terminal translational fusions in its enzyme activity (Jefferson et al. 1987) . Although this reporter has been used to generate T-DNA tagging populations in rice (Jeon et al. 2000) , there are some drawbacks to this method. Samples are destroyed during the assay staining and de-staining procedures. In addition, availability of the substrate is not equal for all cell types, resulting in false data. Therefore, non-invasive and non-destructive reporter genes, such as the genes for green fluorescent protein (GFP) or luciferase, have been used for entrapment in plants. Tagging populations with the GFP gene have now been established for Arabidopsis and rice (Haseloff et al. 1997 , Ryu et al. 2004 . With its rapid turnover and half-life of 3 h, luciferase is well suited as a real-time reporter for in planta gene expression studies (Thompson et al. 1991 , Millar et al. 1992 . Recently, enhancer trap systems in tomato and Arabidopsis have demonstrated the usefulness of the reporter in random gene tagging experiments (Meissner et al. 2000 , Alvarado et al. 2004 ). However, one of the weaknesses of these reporter systems using the genes for GFP or luciferase is their sensitivity, because activity is not cumulative. Therefore, genes with weak expression are not detected when using the non-destructive reporters. In addition, the luciferase assay requires a substrate, making it difficult to conduct in situ assays.
As many as 30% of the tagged lines show activation of the reporter gene in the Arabidopsis promoter trap system (Sundaresan 1996) . In the rice gene trap system, at least 10% of the tagged lines are GUS positive in the roots, leaves, flowers or seeds (Jeon et al. 2000) . Some tags are tissue or organ specific, while others are ubiquitous in all examined organs. If one includes reporter gene activation caused by certain environmental conditions or chemicals, such as growth substances, total tagging efficiency is higher. Chin et al. (1999) reported that GUS expression was detected in 8% of the Ds-carrying lines in various parts of rice panicles.
An enhancer trap system has been developed for rice (Greco et al. 2003 , Ito et al. 2004 ). Specifically, the modified enhancer system uses the yeast transcription factor GAL4 . This system has been applied already not only to study development in Drosophila (Brand and Perrimon 1993), but also to rescue mutations or to express a toxin in specific cells and tissues (Brand and Perrimon 1993, Phelps and Brand 1998) . There, the activator domain of GAL4 is replaced by the activation domain of herpes simplex virus protein 16 (Triezenberg et al. 1988 ). This GAL4/VP16 system has been applied successfully during the construction of enhancer trap lines in rice . In this study, GUS expression in 25-59% of the enhancer trap transformants has been detected in the various tissues. Furthermore, enhancer trap lines have been generated using the Ac/Ds system and about 10% of the tested lines showed GUS expression in various rice organs (Ito et al. 2004 ).
Forward Screening
Using T-DNA-tagged lines, forward genetics have been performed. Because most knockout mutations are recessive, their phenotypes can be detected only in the progeny generations. Jeon and An (2001) have reported that commonly observed mutants were the dwarf (7.0%) and leaf pigment alterations (9.5%). Spotted leaves (1.0%) and leaf morphology mutants (1.2%) were also found. Likewise, Wu et al. (2003) have reported morphologically conspicuous mutations in about 7.5% of their 2679 T-DNA tagging lines. Screening 15,586 T-DNA tagged lines identified 81 (0.52%) lines that showed cold-responsive GUS activity (S.-C. Lee et al. 2004b ). Among them, 16 lines displayed abscisic acid (ABA)-inducible GUS activity.
When co-segregation analyses of phenotypes with the insert DNA have been tested, many of the phenotypes were not caused by the inserts (<5%, unpublished data). This might be due to the tissue culture process of about 3 or 4 months, generating mutations not associated with T-DNA insertions (Phillips et al. 1994 , Kaeppler et al. 2000 . Retrotransposons, such as Tos17 or Karma, and miniature inverted repeat transposable elements (MITEs), e.g. mPing or Pong, can act as mutagens (Hirochika et al. 1996 , Jiang et al. 2003 , Kikuchi et al. 2003 , Komatsu et al. 2003 , Nakazaki et al. 2003 . In addition, small insertions, deletions and base substitutions may be induced in cultured cells . Nonetheless, several genes such as OsMADS50, the magnesium chelatase gene and OsDMKT1 have been isolated from T-DNA-tagged lines using forward genetic screening (Jung et al. 2003 , S. , S.-C. Lee et al. 2004b ). To enhance the efficiency of forward genetics in rice, it will be necessary to develop a new transformation technique skipping the tissue culture procedure.
DNA Pool Screening for Reverse Genetics
Although a large number of rice genes have now been identified, via their sequence homology to pre-identified genes, nevertheless, their functional roles in rice are mostly unknown. DNA chip and proteome analyses based on genome information provide valuable information concerning expression, which accelerates the accumulation of basic functional knowledge at the genomic level. However, because mutants are essential for elucidating target gene functions, reverse genetics is an excellent method for studying function relatively quickly. In these approaches, mutations in a target gene are identified, then their effects are investigated in the mutant lines.
A polymerase chain reaction (PCR)-based screening method has been derived for identifying insertional mutants in a given gene (Krysan et al. 1999 , Sato et al. 1999 . Knockout mutants are screened with a set of primers: a gene-specific primer and a primer located near the end of the insert. The templates used with this method are pools of DNA prepared from 100-1,000 lines that contain T-DNA insertions. PCR products are run on an agarose gel, blotted onto a membrane, and hybridized with a gene-specific probe. Once a positive band is identified, DNAs from corresponding subpools and individuals are screened sequentially for identification of a line with the T-DNA insert. The DNA fragment flanking the insert element is then amplified and its sequence determined.
Because this approach is labor-intensive and time-consuming, DNA pools for a large number of lines are commonly used with this reverse genetics tool. In Arabidopsis, pools of 1,000-5,000 lines have been efficiently utilized for identifying insertional mutations (Winkler et al. 1998 , Krysan et al. 1999 , Meissner et al. 1999 , Rios et al. 2002 . Because the rice genome is about four times larger than that of Arabidopsis, a pool of 1,000 lines is considered sufficient for PCR-based screening of its knockout mutations . Rice also has a higher amount of GC than does Arabidopsis, especially at the 5′ ends of its genes (Carels and Bernardi 2000, Yu et al. 2002) . These high GC regions are difficult to amplify under normal PCR conditions. Therefore, use of a GC buffer and adjustment of the annealing temperature can improve the screening efficiency of such GC-rich genes (Hengen 1997 , Henke et al. 1997 . Nevertheless, several primers must be examined when analyzing large genes because PCR efficiency is quite low when the product is >1 kb.
This screening strategy has been utilized successfully in Arabidopsis, petunia and maize (Koes et al. 1995 , Mena et al. 1996 , Krysan et al. 1999 , Parinov and Sundaresan 2000 . For example, 17 insertions in 63 genes involved in signal transduction and ion transport, 47 insertions in 36 members of the R2R3 MYB gene family, and 22 mutations in 70 P450 genes have been isolated from Arabidopsis (Winkler et al. 1998 , Krysan et al. 1999 , Meissner et al. 1999 . In petunia, a DNA pool has been generated from 1,000 individual plants with highly active dTph1 elements; PCR screening has resulted in the identification of dTph1 insertions for 10 genes (Koes et al. 1995) . Reverse genetics screening has also led to the isolation of a transposon-induced mutation in ZAG1, the maize homolog of AGAMOUS (Mena et al. 1996) . In rice, PCR screening for 12 MADS box genes of DNA pools prepared from 21,049 T-DNA-tagged lines has enabled the identification of five insertions in four genes . The DNA pool size in the laboratory of An has been increased to 60,000 lines and the success rate is approximately 50%.
Establishment of a Tag End Sequence (TES) Database
Despite the usability of PCR screening of DNA pools, it has several limitations: (i) a finite amount of DNA pools; (ii) a labor-and time-intensive screening process; and (iii) limited information about T-DNA integration sites. Therefore, establishment of a database for T-DNA insertion sites should facilitate the use of T-DNA-tagged lines. Tag end sequences (TES) that flank insert elements have been obtained by various methods, such as thermal asymmetric interlaced PCR (TAIL PCR), inverse PCR (iPCR) or adaptor ligation PCR (Ochman et al. 1988 , Triglia et al. 1988 , Rosenthal and Jones 1990 , Liu and Whittier 1995 , Siebert et al. 1995 . Large-scale application of this strategy requires considerable effort but, once established, these databases can be easily shared with other scientists, facilitating the distribution of mutant materials and the analysis of gene functioning (Parinov et al. 1999 , Tissier et al. 1999 , Parinov and Sundaresan 2000 . With sequencing of their entire genomes nearly complete, flanking sequence databases for rice and Arabidopsis will become powerful tools for systematically analyzing the functions of a large number of their genes (Walbot 1992 , Walbot 2000 , Parinov and Sundaresan 2000 , Kumar and Hirochika 2001 , Pan et al. 2003 . Databases for T-DNA and Ds transposon insertion site sequences have already been developed for Arabidopsis (Parinov et al. 1999 , Tissier et al. 1999 , Ortega et al. 2002 , Sessions et al. 2002 . In maize, the DNAs adjacent to transposed Ac elements have also been isolated and sequenced (Cowperthwaite et al. 2002) .
In rice, TES databases for T-DNA insertional lines have also been created. An et al. (2003) and Ryu et al. (2004) have reported the establishment of a database of 4,783 TES (www.postech.ac.kr/life/pfg/risd), while Chen et al. (2003) have described one comprising 1,009 TES (www.genomics.zju.edu.cn/ricetdna). The TES database is rapidly growing, and its public site currently contains 24,299 TES obtained from the An laboratory (www.postech.ac.kr/life/pfg/risd). Recently, Sallaud and colleagues have analyzed 7,480 TES from T-DNAtagged lines (Sallaud et al. 2004) , and Tos17 and Ds tag databases have also been constructed in rice , Kolesnik et al. 2004 ).
TES analyses not only provide researchers with information about disrupted genes, but also reveal the distribution of insert elements in plant chromosomes. In rice, three kinds of insertion elements (T-DNA, Tos17 and Ds) have been employed for generating large-scale mutant pools , Kolesnik et al. 2004 , Sallaud et al. 2004 . Each element manifests characteristic insertion patterns (Table 2) . T-DNA insertions appear to be less prone to hot spots when compared with those of Tos17 and Ds, which are aggregated in hot spots , Kolesnik et al. 2004 , Sallaud et al. 2004 ). T-DNA insertion density is higher in four chromosomes (i.e. 1, 2, 3, and 6) but lower in three chromosomes (9, 10 and 12) when compared with the others (Sallaud et al. 2004 ). Similar patterns have been observed in Tos17 insertion analyses, perhaps because of the difference in gene density for each chromosome (Sallaud et al. 2004) . Overall GC content at the T-DNA insertion sites is close to that measured for the entire rice genome , whereas Tos17 target regions have a narrow pattern of GC content distribution .
Furthermore, Tos17 and Ds are inserted into genic regions (from ATG to the stop codon) more frequently than into intergenic regions , Kolesnik et al. 2004 . Apparently, T-DNA has a higher insertion ratio near the start ATG codon , Sallaud et al. 2004 ). In the case of Arabidopsis, one can observe a tendency for T-DNA insertions in the intergenic regions (Sessions et al. 2002 , Alonso et al. 2003 . Regarding exon/intron preference, T-DNA does not exhibit the difference that Ds does , Kolesnik et al. 2004 , Sallaud et al. 2004 . Chen et al. (2003) have reported that T-DNA insertions are relatively dense in introns (more than twice that for exons); however, this conclusion needs to be verified with additional TES data. In contrast, other researchers have found that T-DNA insertions are almost equally distributed between exons and introns , Sallaud et al. 2004 ). When functional classification of genes tagged by T-DNA has been performed, T-DNA insertion has not been found to be biased toward a particular type of gene, whereas Tos17 insertions do occur preferentially in the 'kinase' and 'disease resistance' classes .
Although these three insertion elements differ in several ways, they have common advantages: (i) genome-wide distribution; (ii) preferred insertion into gene-rich regions; and (iii) low frequencies of integration within repetitive, or pericentromeric, regions. Along with possessing the most random distribution patterns, these advantages make T-DNA an ideal insertional mutagen for rice functional genomics. Table 3 shows that the chance of finding T-DNA knockout genes from the TES database established in the laboratory of An is currently 35%. Approximately 43% of rice genes have putative activation taggings in the database. The laboratory plans to establish and publicize at least 50,000 independent TES within the next 2 years.
Reverse Genetics Study Using T-DNA-tagged Lines
The reverse genetics approach has been adapted successfully since it was first introduced by McKinney et al. (1995) in their study to identify insertions in two members of the actin gene family from a T-DNA population of 5,300 Arabidopsis transformants (about 8000 inserts). The genes targeted in this approach belong to almost all functional categories, such as those for metabolism (Perrin et al. 2003 , Fulda et al. 2004 , cell division (Couteau et al. 1999 , Siddiqui et al. 2003 , transcription (Gualberti et al. 2002 , S.-C. Lee et al. 2004b , transporters (Kaiser et al. 2002 , E.K. Lee et al. 2004 , cell structure , Usadel et al. 2004 ) and signal transduction (Pischke et al. 2002 , Leonhardt et al. 2004 . Most of these studies have been conducted in Arabidopsis because of the large, publicly available T-DNA insertion libraries and TES databases. Now that those libraries and databases are being rapidly established for rice, reverse genetics will be widely used in this important crop species as well.
Obstacles in Reverse Genetics
The phenotypic alterations observed in a T-DNA-tagged line are not necessarily due to the insertional mutation caused by the element. This is because T-DNA often inserts into more than one locus in a particular chromosome. Alternatively, other elements, such as endogenous transposons, might be involved in the mutant phenotype. Tissue culturing often causes point mutations as well as small deletions and insertions. Therefore, it is necessary to confirm those observations by analyzing additional lines that contain a mutation in the target gene. Large databases for knockout mutants, not only from T-DNA but also from transposons, are extremely important for identifying multiple alleles in a given gene. DNA pools are also valuable in enriching alleles. If an allele is not present, antisense or RNAi approaches to reducing gene expression are useful. However, these alternative methods may affect the expression of genes that are structurally similar to the target gene. In addition, a small amount of expression persists in antisense or RNAi plants, a level that is often sufficient to produce a normal phenotype. In these cases, complementation of the mutant with wild-type cDNA or a genomic clone can prove whether the mutant phenotype is indeed due to the T-DNA insertion. One major obstacle in the reverse genetics approach is gene duplication, in which redundancy may result in no phenotypic alteration. Researchers with the rice genome project have predicted that a large number of its genes are duplicated or polyploidized (Goff et al. 2002 , Yu et al. 2002 . Therefore, double or multiple mutations in a group of related genes are necessary for observing mutant phenotypes (Liljegren et al. 2000 , Pelaz et al. 2000 . To this end, numerous tagging populations and TES databases have been generated, and Web sites for those databases are being constructed (Hirochika et al. 2004) . These databases will facilitate the identification of individual mutant lines of related genes.
Maintenance and distribution of mutant seeds are also major problems. Seed from primary transgenic plants should be amplified before distribution because those types of plants produce only a few seeds (Jeon et al. 2000) . Because T-DNAtagged lines contain transgenic elements, e.g. reporter genes and selectable markers, they are considered genetically modified (GM) plants. Therefore, only limited space is available for seed amplification. The resultant seed must then be stored in a controlled environment of low temperature and humidity because viability is rapidly reduced under warm, humid conditions. To ensure the safety of the seed during emergency situations, collections should be kept in multiple locations. Ideally, in addition to holding the original mutant stock in developed laboratories, a second copy should be maintained by a wellestablished international organization, such as the International Rice Research Institute, while a third copy is being preserved at the governmental genetic resource center where the lines were first generated. As a final obstacle, the sharing of research materials is often slowed because seed distribution to other countries requires a long quarantine process.
Future Projections
T-DNA insertional mutant libraries are now publicly available (Table 1) . Nevertheless, for saturation mutagenesis, a larger number of mutants are needed. Transposon tagging will provide a good complementation to T-DNA insertional mutagenesis, especially for recalcitrant cultivars. The generation of TES databases for mutant libraries should accelerate the use of such lines. It will also be valuable to develop a database for phenotypic alterations in mutant lines. As has been done with Arabidopsis (Ichikawa et al. 2003) , the evaluation of tagged lines should include the assessment of traits for any visible phenotypes, such as abnormalities in morphology, growth rate, plant color, flowering time and fertility.
